Pharmacodynamics of ClpP Activating Antibiotic Combinations against Gram-Positive Pathogens.
It is often difficult to cure endocarditis, osteomyelitis, and device-associated infections caused by Gram-positive pathogens, despite therapy with clinically appropriate antibiotics. This may be due to antibiotic tolerance or resistance development. Acyldepsipeptides are a class of bactericidal compounds active against a variety of clinically important Gram-positive bacteria, including staphylococci, streptococci, and enterococci. ADEPs activate the ClpP protease, killing high-density, non-dividing cultures of bacteria, tolerant to approved classes of antibiotics. Acyldepsipeptide analog 4 (ADEP4) was active against a panel of drug resistant Gram-positive pathogens in MIC assays with no pre-existing resistance detected. Killing of stationary phase cultures was observed when ADEP4 was combined with multiple classes of approved antibiotics. Additionally, a hollow-fiber infection model was used to assess the effects of ADEP4 antibiotic combinations on bacterial killing and resistance development. These studies were performed on high-density cultures of methicillin-resistant S. aureus (MRSA), methicillin-susceptible S. aureus (MSSA), and vancomycin-resistant Enterococcus faecalis (VRE). None of the approved antibiotics linezolid, ampicillin, or oxacillin had bactericidal activity when tested alone under these conditions. ADEP4 initially caused killing, but regrowth of the culture was apparent within 96 hours due to resistance. Combinations of ADEP4 with linezolid or oxacillin caused substantially improved killing of MRSA and MSSA cultures respectively, and no regrowth due to resistance was observed. The combination of ADEP4 and ampicillin eradicated cultures of VRE to the limit of detection within 52 hours. These data suggest that combining ClpP activators with traditional antibiotics may be a good strategy to treat complicated Gram-positive infections.